Abstract -The goal of this paper is to analyse the volumes of greenhouse gas (GHG) emissions from the European Union Emissions Trading System's (EU ETS) participants in Latvia in relation to their participation therein. After describing and discussing the EU ETS mechanism and its operation in Latvia in the period 2005-2010, the interconnectedness between the GHG emissions and the EU ETS participants' operation is analysed. The analysis concludes that, although the EU ETS has contributed towards GHG emission reduction, due to the growth of the economy, overall GHG emissions from the EU ETS participants in Latvia are increasing.
I. INTRODUCTION
Latvia is included in the framework of the European Union Emissions Trading System (EU ETS). The EU ETS was launched on 1 January 2005 and is a cornerstone of the European Union's policy to combat climate change. The system is the EU's key tool for the cost-effective reduction of industrial greenhouse gas (GHG) emissions.
The goal of this paper is to analyse the volumes of GHG emissions from the EU ETS participants in Latvia in relation to their participation therein. The main tasks of this paper are to identify whether the EU ETS in Latvia imposes any direct incentives for the GHG emissions' reductions and to research the interconnectedness between GHG emissions and operation of the EU ETS participants. For these purposes the author shall use methods of statistical analysis (dynamics analysis, correlation analysis, etc.), as well as the results of previously performed survey.
At the beginning of this paper the EU ETS mechanism is discussed in the context of climate change mitigation and with regard to key aspects of operating a tradeable permits system . Afterwards the operation of the EU ETS in Latvia is described with an emphasis on aspects that might contribute towards GHG emissions reduction, especially free-of-charge allocations of European Union Allowances (EUAs) versus EUAs to be surrendered as well as financing gained through trading of EUAs. Further, the interconnectedness between GHG emissions and the EU ETS participants' key financial indicators is analysed, inter alia, turnover, value of fixed assets etc. For purposes of this analysis, the author has obtained, filtered, decoded and processed data from the official data base on companies registered in Latvia (Lursoft) [11] and from Community Independent Transaction Log hosted by the European Commission [2, 3, 4] , leading provider of carbon credits markets' news and researchThomson Reuters Point Carbon [14] , as well as from annual reports of installations participating in the EU ETS as published on the web site of the Latvian Environment, Geology and Meteorology Centre [9] . Quantitative analysis is supported with results of a survey of Latvia's companies participating in the EU ETS, done by the author in 2011 (invitations for the participation in the survey were sent out to all participants of the EU ETS (in 2011 -56 companies)) and 35 responses were received, i.e. there was a 63% response rate.
In order to ensure the best representation, unless specified otherwise, the quantitative analysis is performed with regard to each participant of the EU ETS in Latvia. The principal analysis is done for the period [2005] [2006] [2007] [2008] [2009] [2010] . Because data about transactions are available only for the period 2005-2007 certain assumptions are made in the analysis of transactions from the year following 2007. Changes in prices of EUA are not considered as factor influencing the reduction of GHG emissions. As financial details of transactions within the EU ETS are confidential, the author assumes that the price of EUA is equal to the average price of EUAs forward prices at the date of the respective transaction. Within this paper, the author does not consider the EU ETS impact on its indirect participants and any third parties. The efficiency of the EU ETS is also not evaluated herein. The analysis herein is performed with due regard to the fact that the European Commission filed an appeal on 30 May 2011, recognising the fact that the ruling of the Court of Justice of the European Union dated 22 March 2011 [8] has been followed and Latvia has received 14.3 million additional EUAs . Unless specified otherwise, all sums are expressed in Latvia's lats (1 LVL = 0,702804 EUR).
Bank, the total value of EUAs in 2010 was 119.8 billion USD and accounted for 84 % of the total value of the global carbon market [8] . EUAs are kept in the national registries of allowances linked with the Community Independent Transaction Log hosted by the European Commission and International Transaction Log created under the Kyoto Protocol to the United Nations Framework Convention on Climate Change [15] .
Direct participants of the EU ETS are installations from power generation, district heating and energy intensive industries, however from 2012, the EU ETS also includes GHG emissions from flights to and from European airports. The EU ETS covers over 11 500 installations across 27 European Union Member States as well as Iceland, Liechtenstein and Norway. GHG emissions from these installations account for over 40 % of total emissions in these countries [5, 8] .
The EU ETS is an internationally regional "cap and trade" type tradeable permit system. Within the EU ETS, the maximum volume of GHG emissions ("cap") is determined by the European Commission in consultation with the member states of the EU ETS whereas the price of GHG emissions, i.e. the price of EUAs, is determined by the market participants . Operation of the EU ETS is structured into partly linked trading periods -the first period was from 2005 to 2007, the second -2008 to 2012, and the third will start in 2013 and continue till 2020. Within the 1 st period the GHG emissions "cap" intended to reduce its participating countries' GHG emissions by an average of 5.2% compared with GHG emissions volumes in 1990. Within the 2 nd period GHG emissions on average are "capped" at 6% below 2005 levels. In 3 rd period the EU ETS will ensure even further cuts in GHG emissions (by 21% below 2005 levels or more). [5, 8] Following the determination of caps annually by the end of February, competent authorities issue free-of-charge allocated EUAs to direct participants of the EU ETS. Within the 1 st period at least 95 % of EUAs and within the 2 nd period at least 90 % of EUAs were allocated free-of-charge. From the start of the 3 rd period, however, more than half of EUAs are expected to be auctioned. EUAs issued for the 1 st period are not valid for use in the 2 nd period, whereas EUAs issued for the 2 nd period are valid in the 3 rd period. Thus, in theory, this could help to stabilise the EUAs price and provide a longer perspective for investments. Each participating installation has an annual obligation within four months after the end of the year to surrender EUAs equal to GHG emissions, as verified. If the installation does not fulfil this obligation, a penalty is applied for each ton of GHG emissions for which no EUA is surrendered. [5, 8] With regard to the abovementioned, the author acknowledges the essential significance of the EU ETS in the reduction of GHG emissions and climate change mitigation in Europe. Recognising that EU ETS implementation depends on the particular local circumstances, the author shall discuss the EU ETS implementation in Latvia in the next section of the paper in order to establish the EU ETS impact on the GHG emissions reduction in Latvia.
III. EU ETS IMPLEMENTATION IN LATVIA
In 1990 the total amount of GHG emissions in Latvia was 25 894 220 tCO 2 e. Whereas in 2004 the total amount of GHG emissions in Latvia was by almost 60 % lower, i.e. in 2004 GHG emissions were only 10 746 000 tCO 2 e. The largest source of GHG emissions in 2004 was transport sector, but the total amount of GHG emissions from the EU ETS installations in Latvia was only 2 939 000 tCO 2 e or 27 % from total GHG emissions. [1] Considering the abovementioned, the author recognizes that the proportion of the EU ETS installations' GHG emissions from the total volume of Latvia's GHG emissions is considerably smaller than on average in the EU ETS member states. The author concludes that the EU ETS has very limited possibilities to significantly influence climate change mitigation in Latvia. However since any GHG emission reductions are important, the author shall continue an analysis of the EU ETS role in climate change mitigation at the level of particular installations participating in the EU ETS.
Since 2005 42 % or 33 companies that have ever participated in the EU ETS in Latvia are from the energy sector, including all the largest energy sector companies (Fig.1 ). An equal number of companies is from industry sector, including the most significant producers of cement, glass, bricks, iron and steel. 3 companies are from agriculture sector, 3 from transportstorage sector, 2 from water management sector, 2 from trade sector, 1 from construction sector and 1 from property management sector. Considering the overall classification and dynamics of the EU ETS participants in Latvia, inter alia their status of participation in the EU ETS (most are mandatory) and economic sectors of their primary operation (almost all energy sector companies are included), the author concludes that the EU ETS has a potential of influencing all principal sectors of Latvia's economy, however, due to the small number of the EU ETS participants in Latvia the impact of the EU ETS on Latvia is rather limited. An exception to this is the energy sector which is covered by the EU ETS and which impacts every person and economic entity, In addition, the author acknowledges that since the energy sector largely depends on the overall economic situation, i.e. if the economy is growing, the energy sector has to grow as well, GHG emissions from the energy sector are more difficult to control and within certain situations they might be even out of the control of energy sector companies. The author also notes, that, in general, due to international competition and customers' freedom of choice, the industry sector companies are more vulnerable with regard to the additional obligations and costs related to participation in the EU ETS. Further the author shall analyse allocations of EUAs in relation to the verified GHG emissions, i.e. amount of EUAs actually needed to ensure compliance within the EU ETS.
The author has established that the amount of total free-ofcharge allocated EUAs in Latvia in 2005-2010 in general are considerably larger than verified GHG emissions thus creating significant surpluses of EUAs (Fig.2) . In the 1 st period Latvia's companies needed only around 70% of free-of-charge allocated EUAs, but in the first part of the 2 nd period -around 92 % of EUAs. However, at the same time there are also some companies which free-of-charge have not received enough EUAs. By the end of the 1 st period there were no companies with deficits of the EUAs but by the end of 2010 thirteen companies had actual deficits of EUAs. The author recognizes that considering on overall large over-allocation of free-ofcharge EUAs, the EU ETS does not impose significant constraints on its participants in Latvia and mostly it is an opportunity to gain additional profits by selling surpluses of EUAs, i.e. due to sufficient free-of-charge allocations of EUAs, companies are not forced to invest in GHG emissions reductions and related technologies conversion or improvement. Fig. 2 . Balances of free-of charge allocations of EUAs and companies with deficits of EUAs [1, 3] Notwithstanding the aforementioned, the author would like to note that there are particular cases, especially in the 2 nd trading period, when the EU ETS might particularly have fostered some changes within companies' operation (especially in companies which experienced deficits of EUAs and companies which were using very old and inefficient technologies). In addition, the author would like to point out that although the EU ETS in Latvia generally is not imposing direct pressure towards the need for GHG emissions reductions, the fact that the EU ETS for Latvia's companies provides opportunities for gaining additional profits might indirectly contribute towards GHG emissions reductions.
The author has established that the first transaction (sale) of EUAs in Latvia (transaction from (Fig.4) .
The largest overall value of transactions was achieved in 2006 whereas in 2007, despite the noticeable volumes of transactions due to the very low price of EUAs, the transaction value was rather low. Moreover, according to the author's estimations, 3 companies which in 2007 sold their EUAs did not even get enough income to cover the costs of transaction fee within the registry.
According to the author's estimations, the maximum value of surplus EUAs (assuming that every surplus EUA is sold only one time), however, at the respective years ' Considering the analysis of data on transactions of the EU ETS participants in Latvia described above, the author concludes that, although the EU ETS could have provided almost at least twice as much income for its direct participants, the income it has provided is very significant and might have contributed towards the investments in technologies conversion from fossil to renewable energy resources or technologies efficiency improvement thus resulting in GHG emission reductions and climate change mitigation. Therefore in the next section of this paper the author shall analyse a possible interconnectedness between GHG emissions and companies operation thus trying to determine any evidence of purposeful reductions of GHG emissions. Analysing the dynamics of the number of installations participating in the EU ETS, the author has established that within 2005-2010 there is no strong relationship between the amount of GHG emissions and the number of installationsthe correlation coefficient is close to zero (Fig.5.) .
With regard to the abovementioned the author concludes that in 2005-2010 changes in the number of installations most likely did not significantly influence GHG emissions of the EU ETS participants in Latvia, i.e. GHG emissions decreased and increased notwithstanding the number of installations. That is especially evident in 2010 when there is a sharp increase of GHG emissions and a continuous decrease in the number of installations. The author notes that most likely during 2005-2010 there was an increase in the size of installations. 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 (Fig.6.) . The correlation coefficient between the values of turnover and GHG emissions, if estimated for each year and for each company together, is 0.77. However, if separately estimated for particular companies, the correlation coefficient for almost 33% of companies is above |0.8| whereas for 11 companies or 18% of them the correlation relationship is negative, i.e. while turnover is growing GHG emissions are decreasing. Fig. 6 . Turnover of companies participating in the EU ETS in relation to their GHG emissions [1, 3, 9, 11] With regard to the above the author concludes that the turnover in 2005-2010 has a strong interrelationship with GHG emissions. Moreover, this relationship in most cases is of opposite direction (while turnover increases, GHG emissions decreases) thus indicating possible improvements in the operation efficiency of companies, e.g. conversion or improvement of technologies.
Analysing the total nominal input heat power the author has established that it has significantly fluctuated since 2005, however after a very sharp decrease between 2005 and 2006 (decrease of ~10%) the levels of 2005 were almost regained in 2010 (Fig.7.) . Fig. 7 . Total nominal input heat power of companies' participating in the EU ETS in relation to their GHG emissions [1, 3, 9] The correlation coefficient between the values of total nominal input heat power and GHG emissions, if estimated for each year and for each company together, is close to zero. However, the author recognizes that in order to precisely establish the relationship between the total nominal input heat power and GHG emissions, since almost half of companies participating in the EU ETS are industrial companies and in some cases they only produce electricity (not heat energy), it is necessary to more significantly narrow the analysed set of companies.
With regard to the abovementioned the author concludes that the current analysis does not provide enough evidence to properly assess the relationship between the values of total nominal input heat power and GHG emissions.
Analysing total value of fixed assets the author has established that since 2005 it has considerably increased (by almost 65%) (Fig.8.) . The correlation coefficient between the value of fixed assets and GHG emissions, if estimated for each year and for each company together, is 0.82. However, if separately estimated for particular companies, the correlation coefficient for more than 25 % of companies is above |0.8| and for 12 companies it is even above |0.9|. It is also important to note that in case of 11 companies this correlation relationship is of opposite direction, i.e. increase of the total value of fixed assets is related to the decrease of GHG emissions.
With regard to the abovementioned the author concludes that the value of fixed assets in 2005-2010 has a strong relationship with GHG emissions. The author recognises that this strong correlation between the increase of the value of fixed assets and the decrease of the GHG emissions most likely is due to the investments in technologies improvements or conversion from energy resources with relatively high GHG emission factor to energy resources with relatively low or "zero" GHG emission factor.
However, the author acknowledges that because of shortness of data row as well as the analysed period's concurrence with several economically essential events, such as accession to the European Union (in 2004) and economic crisis (in 2008-2009 ), the application of statistical analysis herein is very limited. Therefore, the results of the above analysis, will be supported with results of a survey of EU ETS participants conducted by the author in 2011. Value of fixed assets GHG emissions
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The survey demonstrates that 43 % of respondents consider that the 1 st period of the EU ETS generally was 'almost efficient' or 'efficient' in achieving its goal -GHG emission reduction at the lowest cost possible. Whereas with respect to the 2 nd period, the proportion of such like-minded respondents increased considerably, i.e. 49% considers the implementation of the EU ETS as 'almost efficient', 20% -'efficient' and 1 respondent stated that the EU ETS is 'very efficient'. The proportion of respondents who consider the implementation of the EU ETS as very inefficient or inefficient decreases from 54% regarding the 1 st period to 25% regarding the 2 nd period. (Fig.9. ) Fig. 9 . Summary of responses to the question "Whether, to your opinion, the EU ETS is efficient in achieving its goal -the GHG emission reduction at least possible costs?" With regard to the abovementioned the author concludes that the majority of EU ETS participants in Latvia hold a view that the EU ETS in general promotes GHG emissions reduction at least possible costs and thus contributes towards the climate change mitigation.
79% of respondents in the survey answered that the EU ETS has either slightly or significantly promoted GHG emissions reduction in their company particularly (Fig.10.) . The above leads the author to conclude that a generally positive judgement about the efficiency of the EU ETS is based on respondents' personal experience and the fact that the EU ETS to a certain extent has promoted GHG emissions reductions in their companies. In other words, there is a high degree of certainty that the EU ETS indeed has promoted reductions of GHG emissions.
However, not to exaggerate the role of the EU ETS in the GHG emissions reductions, it is important to note that most of the respondents (77%) also indicate that GHG emissions reduction is not their sole goal, i.e. mostly it is a side effect of the achievement of other goals. Fig. 11 . Summary of responses to the question "Why did your company plan or plans to implement activities for GHG emission reduction?" Thus the author concludes that it is appropriate to say that in Latvia the EU ETS in 2005-2010 was not a strong incentive for GHG emissions reductions. At the same time, however, the EU ETS has been one of the arguments in favour of the reduction of GHG emissions.
In order to complete the analysis of the EU ETS impact on climate change mitigation in Latvia in 2005-2010, it is necessary to collect and analyse data about transactions within the EU ETS in 2008 -2010 (such data shall be publicly available in 2015). Moreover, it is necessary to collect and analyse data about particular uses of proceeds from trading within the framework of the EU ETS. However, notwithstanding the lack of data, it is already possible to conclude that, although the EU ETS definitely is one of the measures for promotion of GHG emissions reduction and climate change mitigation in 2005-2010 in Latvia, the role of the EU ETS was rather small and indirect. Analysing the financial data of the EU ETS participants it becomes very clear that, although in 2005-2010 there is much evidence of qualitative improvements of the operation of companies (most likely -technology conversion or improvement), the dynamics of the GHG emission amounts are very strongly influenced by the company's scale of operation (turnover).
V. CONCLUSIONS 1. The EU ETS is one of the measures for climate change mitigation in Latvia, however, the proportion of the EU ETS installations' GHG emissions in the total volume of Latvia's GHG emissions is very small and incentives for GHG emission reduction only in a few cases, however, in the future, due to the changes in the mechanism of initial allocation of EUAs, the role of the EU ETS might increase. 3. Most of the EU ETS participants in Latvia have participated in the trading of EUAs and although they have earned only a little bit more than half of what they could have earned, the EU ETS to them has provided a significant amount of additional financing and might have contributed towards investments in technologies thus resulting in GHG emission reductions and climate change mitigation. 4. The EU ETS participants in Latvia recognise the importance of the EU ETS with regard to GHG emissions reductions, however, at the same time, they note that the GHG emissions reduction generally is a side effect of the achievement of other goals. 5. There is a strong relationship between the increase of the value of fixed assets and the decrease of GHG emissions in Latvia and with regard to the constant or decreasing number of installations participating in the EU ETS most likely that is due to the investments in technologies improvements or conversion from energy resources with relatively high GHG emission factor to energy resources with relatively low or "zero" GHG emission factor. 6. The reductions of GHG emissions achieved by the EU ETS participants in Latvia at the end of the first decade of the 21 st century on overall are suppressed by the increase of GHG emissions attributed towards economic growth.
